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dioxide, water and a plurality of hydrocarbons. A wiper 
cleans the transmitter and sensor between readings to reduce 
measurement error caused by ?uid sample contamination. 
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DOWN HOLE GAS ANALYZER METHOD 
AND APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a continuation in part of US. 
patent application Ser. No. 09/065,159 entitled “DoWnhole 
Carbon Dioxide Gas Analyzer,” by Tchakarov et al. Filed 
Apr. 23, 1998 now US. Pat. No. 6,218,662. 

BACKGROUND OF THE INVENTION 

The present invention relates to the ?eld of gas analysis 
doWnhole in a hydrocarbon producing Well. More 
particularly, the present invention relates to a system for 
analyzing carbon dioxide concentration doWnhole in a bore 
hole during logging While drilling or Wireline operations. 

Hydrocarbon producing Wells contain numerous forma 
tion liquids and gases including methane, ethane, carbon 
dioxide, hydrogen sul?de, and other gaseous compounds. 
Deep Wells produce ?uids at extremely high temperatures. 
The detection and analysis of gas concentrations provides 
information useful in evaluating the commercial value of a 
hydrocarbon producing Well. Numerous systems have been 
developed to evaluate borehole ?uid composition and the 
relative gas concentrations in the borehole ?uid. 

In US. Pat. No. 5,167,149 to Mullins et al. (1992) and in 
US. Pat. No. 5,201,220 to Mullins et al. (1993), a borehole 
apparatus detected the presence of gas Within a formation 
?uid sample. A light source transmitted light to an interface 
betWeen the ?uid sample and a ?oW line, and a detector array 
sensed re?ected light rays having angles of incidences 
betWeen the BreWster angle and the critical gas angle. A 
processor determined the percentage of gas by comparing 
the detected information to information stored in a data base. 
The processor also categoriZed the ?uid sample as high gas, 
medium gas, and loW gas. 
Amethod for determining the quantity of dissolved gas in 

a sample Was disclosed in US. Pat. No. 5,635,631 to 
Yesudas et al. (1997), Wherein the pressure and volume of a 
sample Were ?rst measured. The sample pressure Was 
changed by expanding the sample until the pressure/volume 
relationship Was non-linear, and the sample Was expanded to 
determine the point at Which pressure Was unchanged. A 
bubble point for the sample Was determined, and the sample 
pressure and the bubble point volume Was determined. The 
dissolved gas volume Was then calculated by linearly scaling 
the bubble point volume and the extrapolated sample vol 
ume relative to the difference betWeen the second volume 
and the bubble point volume. 

Other systems have been disclosed to evaluate gas com 
position Within a formation ?uid. US. Pat. No. 4,994,671 to 
Sa?nya et al. (1991) disclosed a borehole logging tool for 
analyZing the composition of formation ?uids. Speci?cally, 
the apparatus used near infrared spectral analysis to deter 
mine quantities of gas, Water and oils in a hydrocarbon ?uid. 
A light source emitted near infrared rays in a Wavelength 
range betWeen 0.3 and 2.5 microns, and a spectral detector 
sensed the spectrum of backscattered and transmitted rays. 
A data base stored the sensed data, and a processor deter 
mined the ?uid composition by evaluating the near infrared 
absorption spectral information. The source spectrum and 
either the transmitted or backscattered light spectra Were 
compared to knoWn spectral data. After the bubble point or 
deW point Was identi?ed, the loW line pressure Was increased 
above such point by controlling the ?uid ?oW rate or by 
moving the logging tool to an appropriate depth Within the 
borehole. 
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In certain boreholes containing formation ?uids combin 

ing various liquids and gases, carbon dioxide occupies 
substantial volumes relative to the amount of recoverable 
hydrocarbons. As the formation ?uids are produced to the 
Wellbore surface, hydrocarbon gases are separated from the 
noncommercial carbon dioxide because the economic value 
of carbon dioxide relative to the hydrocarbons is loW. 
Although carbon dioxide has been historically discharged 
into the ambient surroundings, global Warming issues may 
discourage this form of gas separation and disposal. Carbon 
dioxide is also reinjected into subsurface geologic 
formations, hoWever re-injection Wells are expensive and 
may be impractical in certain geographic regions. 

Accordingly, a need exists for a system capable of accu 
rately evaluating the presence and quantity of carbon diox 
ide doWnhole in a borehole so that Zones containing high 
levels of carbon dioxide can be avoided. The system should 
accurately identify the carbon dioxide concentration under 
different pressures, temperatures and Wellbore conditions, 
and should provide real-time logging capabilities before 
borehole completions operations are performed. There is 
also a need to provide carbon dioxide measurements can be 
provided to an operator at the surface, or a processor or 
intelligent completion system. There is also a need for a 
carbon dioxide measurement device for logging While drill 
ing and Wire line operations for steep incline and horiZontal 
drilling Well bores. The is also a need for a reliable carbon 
dioxide measurement device for tWo-phase, condensate and 
gas samples for logging While drilling and Wire line opera 
tions for steep incline and horiZontal drilling Well bores. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus and method 
for analyZing the carbon dioxide concentration in a ?uid 
sample doWnhole in a borehole. The carbon dioxide mea 
surement is utiliZed as an input to an intelligent completion 
system. The apparatus comprises a chamber de?ning an 
initial volume for containing the ?uid sample, optionally 
expanding the chamber initial volume to decompress the 
?uid sample, and a transmitter for discharging mid-infrared 
light. The initial sample volume is selectable and When 
desired, the initial unexpanded volume is selected to sub 
stantially ?ll the sample tank. The sample volume is adjust 
able precisely betWeen a minute sample volume to a tank 
full. All sample volumes selected are selectably decom 
pressed by expanding the initial sample chamber volume, 
hoWever, the initial sample volume is not expanded When 
decompression is not selected. A sensor measures the 
absorption or attenuated total re?ectance of near and mid 
infrared light of the decompressed or not decompressed ?uid 
sample and generates a signal representing the carbon diox 
ide concentration in the ?uid sample. A processor receives 
the signal and determines the ?uid sample carbon dioxide 
concentration. 

In different embodiments of the apparatus, the sensor can 
measure infrared absorbance in ranges betWeen 4.1 and 4.4 
microns or measure attenuated total re?ectance to identify 
carbon dioxide concentration, and betWeen 3.2 and 3.6 
microns to provide data representing methyl and methylene 
concentrations. Other selectable Wave numbers for methane 
comprise 1667, 2200, 2318, and 2372. The chamber expand 
ing means optionally expands the chamber initial volume 
until the ?uid sample is substantially one hundred percent 
gas phase, and a Wiper for cleaning the transmitter and the 
sensor betWeen successive measurements can reduce mea 

surement errors. 

Accordingly, a need exists for a system capable of accu 
rately evaluating the presence and quantity of carbon diox 
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ide doWnhole in a borehole so that Zones containing high 
levels of carbon dioxide can be avoided. The system should 
accurately identify the carbon dioxide concentration under 
different pressures, temperatures and Wellbore conditions, 
and should provide real-time logging capabilities before 
borehole completions operations are performed. There is 
also a need to provide carbon dioxide measurements can be 
provided to an operator at the surface, or a processor or 
intelligent completion system. There is also a need for a 
carbon dioxide measurement device for logging While drill 
ing and Wire line operations for steep incline and horiZontal 
drilling Well bores. The is also a need for a reliable carbon 
dioxide measurement device for tWo-phase, condensate and 
gas samples for logging While drilling and Wire line opera 
tions for steep incline and horiZontal drilling Well bores. The 
method of the invention comprising the steps of deploying 
a chamber into the borehole to de?ne an initial chamber 
volume, of moving the ?uid sample into the chamber 
volume, of closing said chamber to isolate the ?uid sample 
from the borehole, and of optionally expanding said initial 
chamber volume to decompress the ?uid sample. A trans 
mitter is operated to discharge near or mid-infrared light, 
and an absorbance sensor or an attenuated total re?ectance 
probe is operationally positioned and operated to measure 
the ?uid sample near or mid-infrared light absorbance or 
attenuated total re?ectance. The present invention generates 
a signal representing the carbon dioxide concentration, or 
other material or gas detected. The measurement signal is 
provided as an input signal to an intelligent completion 
system (ICE). The ICE or a dedicated processor receive and 
store the signal from the sensor. The ICE or processor are 
selectably operated to determine the carbon dioxide concen 
tration. 

In horiZontal drilling operations When measuring carbon 
dioxide for a condensate/gas sample an orientation sensor is 
provided to ensure that the tool is oriented so that the 
infrared transmitter/sensor is positioned in the top portion of 
the sample Where the gas is gathered above the condensate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a carbon dioxide logging tool doWnhole 
in a Wellbore; 

FIG. 2 illustrates a logging tool after a ?uid sample is 
introduced into the interior chamber of the tool; 

FIG. 3 illustrates the ?uid sample Within the measurement 
chamber after the ?uid has been decompressed; 

FIGS. 4 and 5 illustrate different pro?les for the piston 
shaft; 

FIG. 6 illustrates one pro?le for a Wiper seal combination; 
FIGS. 7 and 8 illustrate one con?guration of a Wiper 

element; 
FIG. 9 illustrates a logging While drilling application of 

the present invention; 
FIGS. 10A and 10B illustrates a cross section of the 

sample chamber of the present invention shoWing the infra 
red emitter and sensor positioned above condensate in the 
gaseous area of the sample chamber; 

FIG. 11 illustrates an alternative embodiment of the 
present invention providing a sprayer for cleaning the infra 
red transmitter and sensor WindoWs; and 

FIG. 12 illustrates an alternative embodiment of the 
present invention providing a cleaning surface for rotational 
cleaning of the transmitter and sensor WindoW. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The present invention provides an apparatus and method 
for analyZing the carbon dioxide concentration of a ?uid 
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4 
sample doWnhole in a borehole. The invention permits the 
carbon dioxide concentration to be surveyed doWnhole so 
that perforating and Well production operations can avoid 
high carbon dioxide Zones, thereby reducing expenses for 
gas separation, re-injection Wells and other production 
operations. 

FIG. 1 illustrates logging tool 10 located doWnhole in 
borehole 12. Fluid 14 from subterranean formations ?oWs 
into borehole 12 and can be selectively produced to the 
Wellbore surface. As used herein, the term “?uid” refers to 
liquids and gases typically under compression Within the 
subterranean geologic formations. The ?uid pressures in 
deep boreholes can be 20,000 psi or greater, thereby reduc 
ing carbon dioxide and other gases to a liquid phase. 

Tool 10 comprises housing 16 attached to Wireline 18. 
Housing 16 includes chamber 20 de?ning an interior space 
or initial volume 22 having knoWn dimensions. Decompres 
sion cylinder shoWn as hydraulic cylinder 24 de?nes the siZe 
of chamber 20 Within housing 16 and is moveable to 
selectively increase the siZe of initial volume 22, thereby 
decompressing any ?uid sample initially positioned Within 
initial volume 22 as described beloW. Transmitter 26 dis 
charges mid-infrared light, and sensor 28 detects mid 
infrared light that is not backscattered or absorbed by ?uid 
14. Sensor 28 generates signal as described beloW and 
transmits such signal to processor or intelligent completion 
system (ICE) 30 for receiving, storing and processing the 
signal or combination of signals. 

Referring to FIG. 2, one embodiment of logging tool 10 
is shoWn. Housing 16 is shoWn as cylindrical tube 32. Initial 
volume 33 comprises a relatively small space located at one 
end of tube 32. Moveable cylinder 34 has piston head 36 
movable by a suitable means such as moveable device 38. 
Piston head 34 includes seal 39 for preventing leakage of 
hydraulic or another ?uid. Device 38 can comprise any 
hydraulic, mechanical, electrical or similarly poWered 
means for moving piston head 34. Seal 39 attached to piston 
head 34 and prevents leakage of hydraulic ?uid or another 
?uid through the clearance betWeen piston head 34 and 
cylindrical tube 32, stop 39 is positioned Within cylindrical 
tube 32, and decompression piston 40 having dynamic seal 
41 is attached to one end of piston shaft 42. Piston shaft 42 
is reciprocal Within cylinder tube 32 and is guided by an 
aperture through stop 37 and by the outer radius of piston 
head 36. Piston shaft 42 can extend through piston head 36 
and is attached to piston head 36 and to Wiper 44 so that 
movement of piston shaft 42 also moves piston head 36 and 
Wiper 44. In one embodiment of the invention as illustrated, 
Wiper 44 is attached to decompression piston 40 or can be 
integrated into decompression piston 40 in other con?gura 
tions. 

Wiper 44 scrubs the interior Wall of cylindrical tube 32 
and can cooperate With decompression piston 40 to de?ne 
the space identi?ed as measurement volume 45. Measure 
ment volume 45 is illustrated in FIG. 3 as the space opened 
by movement of Wiper 44 Within cylindrical tube 32, com 
bined With the space de?ned by initial volume 33. As de?ned 
herein, measurement volume 45 provides the ?nal volume 
for the ?uid sample after decompression of the ?uid sample 
is performed. 

Inlet valve 46 selectively permits the entry of borehole 
?uid 14 into initial volume 33, and discharge valve 48 
selectively permits the discharge of borehole ?uid 14 out of 
initial volume 33. Although inlet valve 46 and discharge 
valve 48 could comprise the same valve or valve 
combination, using tWo valves permits a ?oWthrough pas 
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sage of the ?uid sample through initial volume 33 to reduce 
potential contamination of each ?uid sample as successive 
samples are tested and to avoid commingling of successive 
samples. 

After a ?uid sample has been introduced into measure 
ment volume 45 and the sample has been decompressed so 
that the target gas comprises one hundred percent gaseous 
phase, the composition of the gas can be assessed. Decom 
pression may be accomplished by expanding the chamber 
volume after an initial sample is sealed in the sample 
chamber or by alloWing a sample to invade an evaluated or 
decompressed sample chamber. Decompression is selectable 
and is not alWays used on a sample. 

Transmitter 50 is engaged With tube 32 and corresponding 
sensor 52 is positioned opposite of tube 32. Other combi 
nations of instruments such as transmitter 54 and corre 
sponding sensor 56 can be similarly engaged With tube 32 as 
described beloW. Position sensor 58 is attached to piston 
shaft 42, and reading sensor 60 identi?es the relative loca 
tion of position sensor 58. Different mechanisms for mea 
suring the relative position of shaft 42 can be created to 
monitor and verify the orientation and operation of logging 
tool 10. 

The near-infrared (NIR) region of the electromagnetic 
spectru offers advantages over the infrared region for the 
acquisition of spectral information. The advantages include 
the elimination of special optical components, the conve 
nience of atmospheric transparency and the extension of the 
linear dynamic range to fairly large concentrations of the 
analyte. 

In operation, inlet valve 46 and discharge valve 48 are 
opened to draW a ?uid sample of borehole ?uid 14 through 
interior volume 33. Discharge valve 48 is closed, and inlet 
valve 46 is then closed to isolate the knoWn ?uid sample 
quantity of ?uid 14 at an initial volume correlating to initial 
volume 33 and to contain the ?uid 14 sample. When 
decompression has been selected, piston shaft 42 and 
decompression piston 40 are moved to the position shoWn in 
FIG. 3. This movement enlarges the space of initial volume 
33 into measurement volume 45. This piston shaft 42 
movement decompresses the ?uid sample by increasing the 
volume occupied by such ?uid sample. The extent of such 
movement is volume 33 could comprise a minutely small 
clearance betWeen the end of cylinder 24 and the intake 
portion of chamber 20, together With the inlet lines betWeen 
the valves 46 and 48 and cylinder 24. The accuracy of 
subsequent measurements Will depend on the initial ?uid 
sample siZe, the amount of decompression obtained, the 
nature of contaminants in the ?uid sample, the temperature 
of the ?uid sample, and other variable factors. 

After the ?uid sample is captured and if decompression is 
desired, after the sample is decompressed to a selected level, 
transmitters 50 and 54 discharge light rays in selected 
Wavelength ranges, and sensors 52 and 56 can detect trans 
mitted light rays corresponding to the respective transmit 
ters. The transmission frequency can be varied to help 
distinguish and analyZe peaks that are, close together or 
peaks that appear on the slope of another peak. The fre 
quency variations enable detection of a ?rst peak in the 
presence of a second peak that may be larger and/or close in 
frequency to the ?rst peak. In a preferred embodiment of the 
invention, transmitter 50 discharges mid-infrared light in a 
range betWeen 4.1 to 4.4 microns. This range comprises a 
preferred range for carbon dioxide absorbance. Using Beer’s 
LaW and assuming a ?xed pathlength, the amount of carbon 
dioxide in the ?uid sample is proportional to the absorption 
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6 
of light in this preferred range. In another embodiment of the 
invention, transmitter 54 discharges mid-infrared light in a 
range betWeen 3.2 to 3.6 microns, Which comprises a 
preferred range for absorbance of methyl and methylene 
functional groups. Data collected from these tWo frequency 
ranges provides information for precisely determining the 
ratio of carbon dioxide to hydrocarbon gases predominately 
comprising methyl and methylene. 
The absorbance of mid-infrared emitted light Within these 

ranges is in?uenced by ?uid 14 composition and by envi 
ronmental factors. At high temperatures, mid-infrared light 
sensors become noisy. Interference from absorbance by 
other molecules in the range betWeen 4.1 and 4.4 microns 
should not interfere With the carbon dioxide measurements 
because other molecules absorbing light in such range, such 
as alkynes and nitriles, typically comprise unstable triple 
bonded compounds not typically found in natural gas and 
other doWnhole formation ?uids. If an interfering molecule 
is resident Within the ?uid sample, additional Wavelengths 
can be measured With other transmitters or a multiple 
frequency transmitter and sensors to compensate for and to 
distinguish the interfering molecule. 
A transmitter and sensor are also be provided to respec 

tively emit and detect near-infrared light. Additional gases 
and hydrocarbon condensate/gases can be detected using a 
plurality of Wave lengths indicative of the presence of a 
detectable gas or condensate. Near infrared light is trans 
mitted by transmitters 50 and/or 54 through the sample and 
detected by sensors 52 and 56 for absorbance. Attenuated 
total re?ectance probes are provided for measurement of 
attenuated total re?ectance to detect and distinguish gas and 
condensate molecules present in the sample chamber. Addi 
tional carbon dioxide Wavelengths, for example, 1430 nm, 
1957 nm, 2007 nm or 2057 nm are utiliZed to sense carbon 

dioxide. In addition methane and other hydrocarbon Wave 
lengths in general can be sensed and detected. 
By measuring the amount of light detected by sensor 52, 

the amount of carbon dioxide absorbance Within ?uid 14 can 
be determined, and a signal representing this information 
can be transmitted to processor or intelligent completion 
system (ICE) 30 for storage or for smart Well ICE or data 
processing operations. Processor/ICE 30 can be operated to 
determine the carbon dioxide concentration With ?uid 14 
through the application of processing techniques knoWn in 
the art. Similarly, a signal representing aborbance or attenu 
ated total re?ectance is generated by sensor 56 and trans 
mitted to processor 30 for storage and data processing. After 
the selected measurements are taken, inlet valve 46 and 
discharge valve 48 are opened, shaft 42 is reciprocated 
toWard the initial position, and the ?uid sample is discharged 
from the interior of logging tool 10. The orientation and 
operation of discharge valve 48 or a discharge port (not 
shoWn) can be positioned to permit through ?oW of the ?uid 
sample through logging tool 10 to prevent contamination of 
?uid 14 measurements. 
The ICE is a system for the remote, interventionless 

actuation of doWnhole completion equipment developed to 
support the ongoing need for operators to loWer costs and 
increase or preserve the value of the reservoir. Such a system 
is described in The Oil and Gas Journal, Oct. 14, 1996. 
These needs are particularly important in offshore environ 
ments Where Well intervention costs are signi?cantly higher 
than those performed onshore. For example, traditional 
methods for setting a production packer employ coiled 
tubing or slickline to run a tubing plug. The neW system 
provides a safe, reliable and more cost ef?cient alternative to 
this method because it simply transmits acoustic pulses 
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through the contents of tubulars to actuate one or more 
completion or service tools remotely in any desired 
sequence. The system not only decreases the time to set the 
packer but also extends the envelope for application to deep, 
extended-reach offshore environments. Since the system 
eliminates the need to circulate a ball doWnhole to set 
service tools during sand control operations, the operator 
can maintain constant hydrostatic pressure on the formation. 
This capability decreases completion time, intervention risk, 
the possibility of formation collapse against the completion 
string, the possibility of losing the ?lter cake placed against 
the formation, and ?uid loss to the formation. To achieve the 
goals required for this system, three project targets Were 
addressed: a reliable means of Wireless communication, a 
surface control system, and a doWnhole poWer unit for 
completion device actuation. The design and capabilities of 
the neW surface-operated, non-intervention completion sys 
tem Will facilitate economic completions in situations Where 
more complex systems could not be justi?ed, thus increasing 
the scope of application for ‘intelligent Well’ technology. 
At times called “SmartWells,” these completion systems 

Will alloW oil and gas companies to study and control 
individual Zones Without Well intervention. This can dra 
matically loWer operating expenditures by reducing doWn 
time. Also, it can alloW enhanced hydrocarbon recovery via 
improved reservoir management. ICEs enable the operator 
to produce, monitor and control the production of hydro 
carbons through remotely operated completion systems. 
These systems are developed With techniques that alloW the 
Well architecture to be recon?gured at Will and real-time 
data to be acquired Without any Well intervention. 

The operator, located at the surface and having access to 
over ride the processor/ICE 30 may make his oWn decisions 
and issue his oWn commands or let the processor/ICE make 
decisions and issue commands concerning Well completion, 
adjustment of production ?oW, reinjection or other Well 
modi?cations, based on the measurements provided by the 
present invention. Referring to FIGS. 4 and 5, various 
techniques are illustrated for maintaining a constant orien 
tation of shaft 42 relative to the other components, and for 
maintaining the orientation of Wiper 44 relative to transmit 
ters 50 and 54 and sensors 52 and 56. FIG. 4 illustrates a 
rectangular shaft 62 to accomplish this function, and FIG. 5 
illustrates cylindrical shaft 64 linearly guided With key 66 
operating Within a corresponding slot or keyWay (not 
shoWn) Within stop 43. Other mechanical devices and ori 
entations can be utiliZed to constrain the movement of shaft 
42, or to avoid restraints on the rotational movement of shaft 
42. 

In various embodiments of the invention, transmitters 50 
and 54, and sensors 52 and 56, can be in optical contact With 
the interior space of cylindrical tube 32 through glass 
WindoWs or other transparent or translucent materials. When 
?uid 14 is run into and out of such interior space, contami 
nants Within ?uid 14 can be deposited on such materials and 
can interfere With accurate readings of light transmission 
and detection. To reduce errors caused by such 
contaminants, Wiper 44 removes ?uid 14 contaminants from 
the surfaces of transmitters 50 and 54 or from the surfaces 
of sensors 52 and 56. Wiper 44 accomplishes this cleaning 
means function as shaft 42 is reciprocated in both directions 
to move Wiper 44 Within cylindrical tube 32, and can clean 
the internal components immediately before absorption 
measurements are performed. 

FIG. 6 illustrates detail for one form of Wiper 44 Wherein 
seals 68 are attached to shaft 42 and are stacked to provide 
redundant cleaning capabilities. Seals 68 can be formed With 
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8 
different materials including Peek material and Viton 
material, and can comprise different structural shapes and 
con?gurations. As shoWn in FIG. 6, springs 70 can provide 
structural support for the Wiping elements of seals 68. 
Although seals 68 are oriented in one direction, other seal 
designs can provide for similar cleaning action regardless of 
the movement direction of seals 68. Although linear move 
ment of seals 68 is illustrated, rotation of shaft 42 could be 
performed to accomplish different cleaning movements. 

FIG. 7 illustrates one embodiment of decompression 
piston 40 Wherein Wiper 44 is attached to decompression 
piston 40. Although seal 41 can prevent ?uid migration past 
piston 40, seal 41 does not adequately clean transmitters 50 
and 54 or sensors 52 and 56. 

FIG. 8 further illustrates another vieW of Wiper 44 taken 
in section through Wiper 44, and shoWing one potential 
orientation relative to shaft 42. 

FIG. 9 illustrates the use of the present invention in a 
horiZontal or steep incline logging While drilling application. 
As shoWn in FIG. 9, a drill string, Which can optionally 
comprise production drill pipe 18 or coiled tubing, drill bit 
15 and heavy Wall drill pipe 75 is drilling a horiZontal or 
steeply inclined Well bore 12. The bottom hole tool assembly 
13 and drill bit 15 are drilling the horiZontal borehole. A 
preferred embodiment of the present invention, an infrared 
detection module 10 is shoWn as part of the logging While 
drilling system. In Wire line operations or logging While 
drilling operations, Well knoWn orientation sensing devices 
are provided to sense the rotational orientation of the tool 
and attached measuring device of the present invention. The 
Well-knoWn orientation devices sense the vertical orienta 
tion or high side of the tool. The signal generated by the 
detector is provided as an input to the ICE or processor 30 
at the surface. For example, in a logging While drilling 
scenario utiliZing the present invention, a poWer sWivel is 
utiliZed to rotate the measuring device in accordance With 
the position determined by accelerometers and 
magnetometers, to determine Where the high side of the tool 
is (that is, looking straight up), thus the poWer sWivel rotates 
the measurement module so that it Will be oriented up, 
toWard the high side. A second option is to rotate the drill 
string from the surface until proper orientation is achieved. 
In a Wire line scenario, utiliZing the present invention, 
passive orientation devices are attached, for example, decen 
traliZing arms, eccentric Weights, cork screW type orienta 
tion device or poWer sWivels Which are utiliZed to rotate the 
tool string or the measurement module. Thus, the measuring 
device is oriented in high inclination Wells and horiZontal 
Wells toWard for the high side. In both cases the orientation 
devices provide the orientation of the high side of the tool. 

Turning noW to FIG. 10, the present invention is in a 
knoWn orientation relative to the drill pipe orientation. When 
sampling condensate and condensate/gaseous samples, the 
present invention enables the operator or some other auto 
matic sensing and positioning system located doWn hole or 
on the surface in the ICE/processor 30, to orient the vertical 
position the drill pipe and attached analyZer module 10 so 
that the tunable transmitters 50 and 54 and sensors 56 and 52 
are at the top of the sample chamber so that they are above 
the condensate and in the gaseous portion of the sample 
Within the sample chamber. Attenuated total re?ectance 
probes can also be operationally oriented so that they are 
positioned above the condensate and in the gaseous portion 
of the sample Within the sample chamber. In cases Where 
decompression is not selected, by the operator or ICE/ 
processor, the sample chamber is analyZed Without decom 
pression. The sample chamber is selectably ?lled to a precise 
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known volume and can be substantially a full volume or 
reduced. The present invention analyzes the sample With or 
Without decompression. 

FIG. 11 illustrates an alternative embodiment of the 
present invention providing a sprayer for cleaning the infra 
red transmitter and sensor WindoWs. The sprayers 77 spray 
pressuriZed gas, air, or ?uid toWard the infrared transmitter 
and sensor WindoWs, gaps or apertures to clean the WindoWs 
and any lens Which may be placed in the WindoW. Afocusing 
lens is provided for placement in the WindoW for the 
transmitter or sensor thereby focusing or converging the 
transmitted or received infrared energy to obtain a higher 
intensity response or defocusing or diverging the transmitted 
or received energy to hit additional molecules With the 
infrared emission and receive from a broader area. 

FIG. 12 illustrates an alternative embodiment of the 
present invention providing a cleaning surface for rotational 
cleaning of the transmitter and sensor WindoW by rotating 
cleaning surface 79 inside of the chamber and against 
WindoW or gap or aperture to clean the WindoW gap or 
aperture and any focusing or defocusing lens inserted 
therein. 

While a preferred embodiment of the present invention 
has been illustrated, the example presented is not intended to 
limit the scope of the present invention Which is de?ned by 
the folloWing claims. 
What is claimed is: 
1. Abore hole apparatus for analyZing the carbon dioxide 

concentration in a sample doWn hole in a bore hole, com 
prising: 

a chamber having a piston for de?ning an initial sample 
volume in the chamber for containing an initial ?uid 
sample Wherein the piston is slidably disposed Within 
the chamber for selectively expanding the chamber 
initial volume of the chamber and decreasing the pres 
sure Within the chamber to decompress the ?uid 
sample; 

a transmitter for discharging infrared light a ?rst sensor 
for measuring at least one of absorption, transmittance 
or attenuated total re?ectance of infrared light for the 
?uid sample and for generating a signal representing 
the carbon dioxide concentration in the ?uid sample; 
and 

a processor for receiving said signal and for determining 
the ?uid sample carbon dioxide concentration. 

2. An apparatus as recited in claim 1, Wherein the signal 
is transmitted to the surface for an operator or an intelligent 
completion system to adjust completion. 

3. An apparatus as recited in claim 2 further comprising 
a second sensor for measuring at least one of infrared 
absorbance or attenuated total re?ectance in a range suitable 
for detection of selected hydrocarbon gases. 

4. An apparatus as recited in claim 3, further comprising 
a third sensor suitable for detection of an interfering mol 
ecule resident Within the ?uid sample. 

5. An apparatus as recited in claim 1, Wherein the piston 
is capable of precisely expanding the expansion chamber 
initial volume of the ?uid sample, and precisely controlling 
the initial volume of the initial ?uid sample until the ?uid 
expands to transform to its substantially one hundred percent 
gas phase. 

6. An apparatus as recited in claim 1, further comprising 
a Wiper disposed inside of the chamber for cleaning the 
inside of the chamber. 

7. An apparatus as recited in claim 6, Wherein the Wiper 
is attached to the piston so that the Wiper cleans the inside 
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of the chamber during at least one of: compression or 
decompression of the chamber so that at least one of a sensor 
WindoW or a transmitter WindoW is cleaned. 

8. An apparatus as recited in claim 1, further comprising 
a Wiper disposed in the chamber, Wherein the transmitter and 
sensor are adjacent the chamber so that the Wiper cleans at 
least one of a transmitter WindoW and a sensor WindoW 

during at least one of: compression and decompression of 
the chamber. 

9. An apparatus as recited in claim 1, Wherein the piston 
and an integrated Wiper are integrated in the chamber for 
selectively expanding the initial chamber volume and for 
returning the apparatus to the initial chamber volume. 

10. The apparatus of claim 1 Wherein the signal is 
received by a operator or a processor at an intelligent 
completion station for determining the completion state of a 
Well. 

11. Abore hole apparatus for analyZing the carbon dioxide 
concentration in a sample doWn hole in a bore hole, com 
prising: 

a chamber having a piston Wherein the piston is slidably 
disposed Within the chamber for de?ning an initial 
sample volume in the chamber for receiving an initial 
?uid sample, Wherein the initial sample volume of the 
chamber is selectively expanded, to reduce the the 
pressure in the sample chamber to a pressure loWer than 
the pressure of the sample prior to the sample entering 
the chamber, thereby selectively decompressing the 
sample as it enters the initial sample volume; 

a transmitter for discharging infrared light; 
a ?rst sensor for measuring at least one of absorption, 

transmittance or attenuated total re?ectance of infrared 
light for the ?uid sample, the ?rst sensor generating a 
signal representing the carbon dioxide concentration in 
the ?uid sample; and 

a device for receiving said signal and for determining the 
sample carbon dioxide concentration. 

12. The apparatus of claim 11 Wherein the signal is 
received by a operator or a processor at an intelligent 
completion station for determining the completion state of a 
Well. 

13. The apparatus of claim 11 Wherein the sample con 
tains condensate and gas, further comprising an orientation 
device so that the infrared transmitter and sensor are posi 
tioned on the high side of the chamber so that the infrared 
transmitter and sensor are positioned adjacent the gaseous 
portion of the sample. 

14. An apparatus as recited in claim 13, further compris 
ing a Wiper disposed in the chamber, Wherein the transmitter 
and sensor are adjacent the chamber so that the Wiper cleans 
at least one of a transmitter WindoW and a sensor WindoW 

during at least one of: compression and decompression of 
the chamber. 

15. A method for analyZing the carbon dioxide concen 
tration in a sample doWn hole in a bore hole, comprising: 

providing a chamber having a piston for de?ning an initial 
sample volume in the chamber for containing an initial 
?uid sample Wherein the piston is slidably disposed 
Within the chamber for selectively expanding the cham 
ber initial volume of the chamber and decreasing the 
pressure Within the chamber to decompress the ?uid 
sample; 

providing a transmitter for discharging infrared light; 
providing a ?rst sensor for measuring at least one of 

absorption, transmittance or attenuated total re?ectance 
of infrared light for the ?uid sample and for generating 
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a signal representing the carbon dioxide concentration 
in the ?uid sample; and 

providing a processor for receiving said signal and for 
determining the ?uid sample carbon dioxide concen 
tration. 

16. The method as recited in claim 15, further comprising: 

transmitting the signal to the surface; and 
receiving the signal at the surface by an operator or an 

intelligent completion system to adjust at least one of: 
completion, production ?oW or reinjection. 

17. The method as recited in claim 16 further comprising: 

providing a second sensor for measuring at least one of 
infrared absorbance or attenuated total re?ectance in a 
range suitable for detection of selected hydrocarbon 
gases. 

18. The method as recited in claim 16, further comprising: 
providing a third sensor suitable for detection of an 

interfering molecule resident Within the ?uid sample. 
19. The method as recited in claim 15, further comprising: 

precisely moving the piston and expanding the expansion 
chamber initial volume of the ?uid sample, and pre 
cisely controlling the initial volume of the initial ?uid 
sample until the ?uid expands to transform to its 
substantially one hundred percent gas phase. 

20. The method as recited in claim 15, further comprising 
a Wiper disposed inside of the chamber for cleaning the 
inside of the chamber. 

21. The method as recited in claim 20, Wherein the Wiper 
is attached to the piston so that the Wiper cleans the inside 
of the chamber during at least one of: compression or 
decompression of the chamber so that at least one of a sensor 
WindoW or a transmitter WindoW is cleaned. 

22. An apparatus as recited in claim 15, Wherein a piston 
and an integrated Wiper are integrated in the chamber for 
selectively expanding the initial chamber volume and for 
returning the apparatus to the initial chamber volume. 
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23. The method of claim 15 Wherein the signal is received 

by a operator or a processor at an intelligent completion 
station for determining the completion state of a Well. 

24. A method for for analyZing the carbon dioxide con 
centration in a sample doWn hole in a bore hole, comprising: 

providing a chamber having a piston Wherein the piston is 
slidably disposed Within the chamber for de?ning an 
initial sample volume in the chamber for receiving an 
initial ?uid sample, Wherein the initial sample volume 
of the chamber is selectively expanded, to reduce the 
the pressure in the sample chamber to a pressure loWer 
than the pressure of the sample prior to the sample 
entering the chamber, thereby selectively decompress 
ing the sample as it enters the initial sample volume; 

providing a transmitter for discharging infrared light; 
providing a ?rst sensor for measuring at least one of 

absorption, transmittance or attenuated total re?ectance 
of infrared light for the ?uid sample, the ?rst sensor 
generating a signal representing the carbon dioxide 
concentration in the ?uid sample; and 

providing a device for receiving said signal and for 
determining the sample carbon dioxide concentration. 

25. The method of claim 24 further comprising: 
receiving the signal at the surface for determining the 

completion state of a Well by at least one of an operator 
or a processor at an intelligent completion station. 

26. The method of claim 24 Wherein the sample contains 
condensate and gas, further comprising: 

receiving a signal from an orientation device to determine 
the orientation of the sample chamber in order to ?nd 
the high side of the sample chamber; and 

positioning the infrared transmitter and sensor on the high 
side of the chamber so that the infrared transmitter and 
sensor are positioned adjacent the gaseous portion of 
the sample. 


